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Introduction 


The overwintering strategies of Isotoma hiemalis and 
Entomobrya nivalis have been investigated in a subalpine 
spruce forest in the Bernese Prealps at 1580 m a.s.l.. 

E.nivalis is staying on the spruce trees throughout its life, 
except the hygrophile first instar animals which live in the 
litter layer, where also oviposition takes place (Allmen and 
Zettel 1982). During summer, lichen growing on the branches 
represent the preferred microhabitat even during severe 
droughts (mostly Parmeliaceae like Platisma glauca, Hypo- 


gymnia physodes, Pseudevernia furfuracea). For hibernation, 
E.nivalis retreats underneath loose bark flakes on the 
trunks, spending four months in an inactive state (in 


Scandinavia, the winter is spent underneath the snow cover; 
Leinaas 1981). 

In contrast, the litter-dwelling Isotoma hiemalis is active 
also during winter. In consequence of a seasonal polymorphism 
(termed cyclomorphosis by Fjellberg 1976) these. animals can 
be observed on the snow surface under favourable climatic 
conditions, and part of the population is staying within the 
snow layer for months if circumstances are permitting 
(dormancy polymorphism) (Zettel 1984a, 1985, Zettel and Zettel 
1986). 

Collembola are known to be freezing intolerant in that 
individuals do not survive the freezing of their body. Two 
different types of cryoprotectants are known: low molecular 
compounds (e.g. polyols, sugars, free amino acids) are 
lowering the hemolymph melting and freezing point in a 
colligative manner, the supercooling point being depressed 
several times more than the freezing point (Bakken 1985, 
Zachariassen 1985). High molecular compounds act in a non- 
colligative manner and are already highly effective in low 
concentrations by masking embryo ice crystals and preventing 
them to a certain extent from growing; by this, supercooling 
ability can be increased and stabilized, but a very important 
function is also the prevention of inoculative freezing when 
the animal is in contact with ice crystals. Their 
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proteinaceous structure is known from polar fish (DeVries 
et al 1970, Shier et al 1972) and higher insects and other 
arthropods (Duman 1979, Duman and Horwath 1983, Husby and 
Zachariassen 1980). 

The environmental risks during winter are very different for 
the two collembolan species: litter dwelling I.hiemalis do 
not face any problems as they live at temperatures slighthly 
above 0°C. Individuals within the snow cover are constantly 
in contact with ice crystals and thus run a permanent risk of 
inoculative freezing at temperatures below the melting point 
of their hemolymph, which is ca. -0.5.°C; but they always 
have the possibility to retreat into lower (and warmer) snow 
layers or even into the soil during severe cold spells. In 
contrast, E.nivalis has to endure the full atmospheric cold 
down to below -20°C. Therefore a pronounced supercooling 
ability is crucial, while the risk of inoculative freezing is 
usually small. Due to these facts, different overwintering 
strategies are to be expected in the two collembolans. 


Methods 


Population samples were collected in the field and used for 
measurements within one or two days. I.hiemalis was either 
extracted from humid needle litter with a modified Tullgren 
funnel or collected with an aspirator from the snow surface; 
in order to have enough litter animals at easy disposal even 
in mid-winter, animals extracted in autumn were confined in 
population cages (open top perspex cylinders of 20 cm 
diameter and 2 m height, provided with a layer of natural 
substrate) wherefrom they could be extracted in case of need. 
E.nivalis was knocked from lichen in summer and collected 
with an aspirator from bark pieces in winter. 

A CLIFTON nanolitre osmometer was used for the determination 
of the hemolymph melting and freezing point (the difference 
between them being the thermal hysteresis); the hand wheel 
was driven by a synchron motor in order to obtain a constant 
cooling rate (0.122/min). 

Temperature and supercooling data are from 1980-81, values 
concerning hemolymph osmolality and thermal hysteresis from 
1984-85 (E.nivalis) and 1985-88 (I.hiemalis, pooled) 
respectively. For the supercooling data, gut content was not 
taken into account, in order to present the situation in a 


natural population (i.e. including the effect of gut 
evacuation). 
Results 


Isotoma hiemalis 


There is no correlation between ambient temperature and 
hemolymph osmolality (figs.la and 1c), which can be con- 
sidered as a measure of the concentration of low molecular 
cryoprotectants. Hence such compounds cannot be responsible 
for any increased cold hardiness during winter. 
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But during winter there is a consistently increased thermal 
hysteresis which can be used as a measure of the 
concentration of high molecular antifreeze agents. The first 
soil frosts in October seem to induce the production of these 
cryoprotectants up to a level resulting in a hysteresis of 
0.5 - 0.70C, which is maintained during the period with 
subzero temperatures (snow melting usually occurs in May). 
Animals active on the snow surface (from December through 
March, being in the winter morph; Zettel 1985) show a 
distinct elevation of hysteresis with a maximum of ca. 29C in 
late winter; they are usually exposed to temperatures below 
the melting point of their hemolymph and thus run a risk of 
inoculative freezing. Temperatures for the part of the 
population which stays in the litter layer never drop below 
0°c during the presence of an insulating snow cover and 
therefore these animals do not need any further adaptations 
(Zettel and Zettel 1986). They do not show an increased 
hysteresis (stippled line), indicating that the direct 
contact with low temperatures is responsible for an increased 
production of high molecular antifreeze agents. 

In an experiment, Suter (1989) demonstrated in September that 
already two nights at -1°C (day temperature +10°C) induced a 
significant increase of hysteresis from 0.05 # 0.01 to 
0.26 0.192C (K+ 95% C.I.). Zettel and Allmen (1982) found a 
significantly lowered supercooling point after 13 h at -20c 
(from -6.6 £ 1.1 to -12.2%2.7°%). 

The supercooling ability does not show any marked 
fluctuations through the year, except for the snow-active 
animals in which it is significantly increased (fig.1b). 
I.hiemalis does actually not need extreme adaptations, as 
temperatures below -30C are avoided even by snow active 
animals (Zettel 1984a) and mean supercooling points below 
-6°C are observed throughout the year. The most effective 
measure for lowering the supercooling point within a very 
short time is the evacuating of the gut. This has been 
demonstrated by several authors for a great number of species 
and is shown in fig.3 for an experiment with I.hiemalis: a 
treatment with subzero temperatures increases the 
supercooling ability of animals without visible gut content 
much more effective than in animals with a full gut. In 
addition the percentage of animals with empty gut is 
correlated with the duration of the single frost experience. 


Entomobrya nivalis 


In this species, a distinct seasonal fluctuation can be 
observed in the presence of high molecular as well as low 
molecular antifreeze agents and in the supercooling ability 
(fig.1; Meier 1986, Zettel and Allmen 1982, Allmen and Zettel 
1984). Because there are no possibilities to retreat into 
warmer refuges in the trees, E.nivalis has to build up a 
prospective cold hardiness in order to survive the first 
frosts in late autumn. Beside temperature an important 
trigger for this adaptation is also day length: the lowering 
of the supercooling point begins in August before the marked 
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Fig.1 and Fig.2 (opposite page) 

Temperature and some cold hardiness parameters in Iso- 

toma hiemalis (fig.1) and Entomobrya nivalis (fig.2). 

a) Litter temperature (fig.1) and air temperature 
(fig.2): pentade means (line) and daily minima (dots). 

b) Supercooling points (x Łż 95% CI). 

c) Thermal hysteresis (——) as measure of the concen- 
tration of high molecular cryoprotectants, and 
hemolymph osmolality (-t-) as measure of the concen- 
tration of low molecular cryoprotectants. 

In I.hiemalis, stippled lines in winter are for data of 
litter-dwelling animals (in summer morph) and solid lines 
for snow-active individuals (in winter morph); as there 
is no significant difference in hemolymph osmolality 
between the two morphs, these data were pooled for the 
graph. 
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Fig.3 
Supercooling ability of 


t Isotoma hiemalis, one week 
5 after a single frost event 
pa (-22C). Second half of 
+ October, culture tempera- 
e ture +109 (day) and +39 


(night), 12L : 12D. 


with gut content 


gut empty 


Supercooling Point 


gut empty 5% 28% 39% 46% 


decline of the mean temperature. Probably, the changing 
photoperiod enables the animals to react to cold. Experiments 
concerning this point revealed that in autumn the production 
of high molecular cryoprotectants was already induced by a 
temperature of +10°C (Meier in prep). Short term fluctuations 
are controlled by temperature (Allmen and Zettel 1984). It is 
still unknown whether a endogenous rhythm is involved in the 
control of cryoprotectant production. A comparison of the 
figs. 2b and 2c shows that the increase of the supercooling 
ability coincides with the increasing concentration of high 
molecular antifreeze agents in the hemolymph. This 
augmentation is lasting as long as subzero temperatures 
occur. In April, when the hibernacula are left, hysteresis is 
reduced but still present until the last frosts in May. 

In contrast, the level of low molecular antifreeze agents is 
only elevated during the time which is spent inactively in 
bark crevices, i.e. from December through March. Meier (1986 
and in prep) showed that the increased hemolymph osmolality 
is not due to water loss, as E.nivalis is able to control its 
hemolymph osmolality to a great extent, but correlated with 
polyol concentration 


Discussion 


Low molecular cryoprotectants increase the hemolymph 
viscosity and consequently impair the mobility of the 
animals. Therefore, such compounds are lacking as antifreeze 
agents in winter-active animals like Isotoma hiemalis and 
other arthropods (Soemme and Oestbye 1969, Husby and 
Zachariassen 1980, Soemme 1982) as well as in animals living 
on glaciers (Zettel 1984b). In Entomobrya nivalis, they are 
absent during the period of the first and the last frosts of 
the cold season, when the migration to the hibernacula and 
from the tree trunks back to the branches takes place. In 
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mid-winter, when low molecular compounds are present in high 
concentrations, the otherwise very agile E.nivalis are 
remarkably sluggish. But as they are inactive during this 
period, the reduced mobility is of no disadvantage. High 
concentrations of sugars or polyols have only be observed in 
invertebrates which hibernate in an inactive state (e.g. Salt 
1958, Soemme 1964, Ring and Tesar 1981). 

High molecular compounds are the main antifreeze agents in 
I.hiemalis and other snow-active arthropods (Suter 1989, 
Zettel 1984b, Husby and Zachariassen 1980). They do not 
increase the hemolymph osmolality and by this are not 
reducing the mobility of the arthropods. They act as a highly 
effective protection against inoculative freezing and are 
stabilizing the supercooling point. They are mainly present 
in snow-active animals (fig.1). In E.nivalis, they are also 
responsible for the freezing protection during spring and 
autumn, when subzero temperatures occur while the animals are 
active. During inactivity, they act as a supplement to the 
low molecular cryoprotectants and probably enhance their 
effect, but the precise interaction is still unknown. 

During summer the hemolymph osmolality is significantly 
higher in E.nivalis than in I.hiemalis (375 and 250 mosm 
respectively). Compared with other springtails the hemolymph 
osmolality in I.hiemalis is very low. Verhoef and Witteveen 
(1980) present values for 5 species of Isotomids and 
Entomobryids ranging from 343 to 387 mosm. The low value in 
I.hiemalis can be explained as an adaptation for activity at 
low temperatures (low hemolymph viscosity), as it was also 
observed in glacier-dwelling Collembola (Zettel 1984b). 
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